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INTRODUCTION
THE OBJECT of this paper is to discuss the ecology of grass
grub, Costelytra zealandica  White, and porina, Wiseana
cervinata (Walker), New Zealand’s most important
pastoral insect pests, and to survey what has been achieved
in ecological understanding of these insects. The biology
and ecology of either or both insects have previously been
reviewed by Dumbleton (1942),  Miller (1945), Kelsey
(1951a,  b) and Hoy (1963). The lack of fundamental
biological information on grass grub (and this is equally
applicable to porina caterpillar) and the need for long-
term team studies were stressed, although little sustained,
co-ordinated research has since eventuated.
Examination of the literature clearly indicates that the
lack of fundamental ecological research on these pasture
pests is directly due to the introduction of organochlorine
insecticides, particularly DDT, to control both porina and
grass grub. These insecticides proved cheap, persistent
in soil, relatively safe to handle and easy to apply (Kelsey
and Hay.,  1950; Kelsey 1951a,  b, 1952, 1959). DDT was
so effective that it led to complacency, in spite of the
warning by  Miller (1945) that in his view no single control
would suffice. There was failure to anticipate:
(1) Development of insect resistance. to insecticides.
(2) Possible alteration of tolerance limits for insecticides
in foodstuffs, by countries importing New Zealand
produce.
(3) Failure of DDT to be effective in certain soils.
(4) The need for fundamental knowledge, in case the
efficacy of DDT and related insecticides diminished,
and new methods had to be found.
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GRASS GRUB
The life-history of grass grub adapted from Kelsey
(1951a)  and Dumbleton (1942) for coastal Canterbury is
given in Fig. 1A.  This figure is largely based on ob-
servations and urgently requires experimental proof in at
least four regions, in each Island, over a period of several
years. The observations of Miller (1921, 1945) indicate
that the life-cycle of grass grub commences about one
month earlier at Nelson than Kelsey (1951a) found in
Canterbury. Kain (1968) states that flights commence in
October in Hamilton and notes that development of grass
grub there is one month ahead of Taupo. He has also
observed marked differences in development, of up to two
weeks between different aspects or soil type within the
same paddock. All authors agree that there are three
larval instars.
The sex ratios of third instar  larvae, pupae and beetles
are not significantly different from 1 :l (Kain, 1968).
However, the males tend to develop and emerge ahead of
females each season (Kelsey, 1951a; Kain, 1968). After
development is complete, the beetles move from the pupal
cell to a position just below the base of the sward
and may remain there for some time. The males flv earlier
at night and this results in the females being mated almost
as soon as they emerge from the soil (Kelsey, 1951a).
Most beetles emerge in the first hour of darknecs,  although
Kain (1968) has found that 25% of the population emerge
from 1 a.m. to 6 a.m. Kelsey (1951a) states that the females
seldom fly, and only if thev are not mated do they move
to feeding sites where mating occurs. He claims that onlv
5% of the females fly from areas in which they emerge and
that this is the main reason why grub damage increases
within a paddock over several years until a peak is
reached. Kain observed that only beetles which emerge in
the first hour each night fly and that most females fly after
making their first oviposition in the soil. He found ‘that
males tend to fly closer to the ground than females, in
search of mates, whilst females tend to fly higher and in
a more directional manner to feeding sites. Kelsey has
found in Canterbury that flight does not occur ‘when
temperatures are lower than 49”F,  when there is light or
heavy rain, or the wind exceeds 10 mnh, although beetles
will emerge and feed under these conditions. The attraction
to 75 watt white lights, has been investigated bv Kelsey
(1967). Kelsey (1951b)  found that in the first half of the
flight season only 5% of the catch were females, whilst in
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FIG. 1: Life histories of grass grub and porina in Canterbury.
the latter half 25% of the catch were females. He con-
cluded from this that lights and fires did not offer a
practicable means of control. The dispersive mechanisms
of the beetles are not understood.
Little work has been done on the food of the beetles.
Kelsey (1951a) states that they prefer leaves and flowers
of deciduous shrubs, trees, all clovers  and the foliage of
cruciferous plants. He notes that feeding occurs after
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mating and is normally confined to the neighbourhood of
mating sites. Nothing is known about the attraction of
beetles to food plants, although Osborne and Hoyt (1968)
have found that a component of the distillate of elder
flowers (Sarnbttctls  nigva L.) is highly attractive to females.
The beetles are sexually mature on emergence and
mating takes place immediately, in the soil (Kain 1968),
on pasture or on feed trees and shrubs (Kelsey 1951a,
Kain 1968). The eggs are laid 2 to 9 days after mating
(Kain, 1968),  after 7 days (Kelsey, 1951b) or 7 to 16 days
later (Miller, 1945). The females usually oviposit twice,
but up to five ovipositions can occur. Kain found that
72% of the eggs are laid in the first oviposition and 94%
in the first two ovipositions, and that feeding is necessary
to ensure subsequent ovipositions. The eggs are laid in
clusters 3 to 7 in. below the surface, according to the
degree of soil moisture. Kelsey has found the numbers
range from 3 to 40, with a mean of 22 eggs per cluster.
Kelsey also notes there is a period of 4 to 9 days between
successive ovipositions and the maximum fecundity of
a female to be 52.
No one has clearly indicated the longevity of the beetles,
although Fenemore (1966) suggests they live for two to
three weeks.
Kelsey (1957, 1968) has investigated the site require-
ments of ovipositing females on artificially infested plots
and found a highly significant preference for soils covered
with pasture, although pasture density and length did not
affect this preference. This study was not carried’out until
the autumn and hence failed to consider any mortality of
juvenile stages due to treatment differences and the possi-
bility of surface migration of larvae between treatments.
Generally females lav  eggs in pastures or soils rich in
organic matter (Miller, 194.5),  but, in dry years par-
ticularly, they will ovinosit in cultivated areas in prefer-
ence to hard turf (Kelsey, 1951a).
The eggs are able to withstand drastic extremes of alter-
nate drying: and wetting, but must absorb free water from
the soil (25% of their bulk) before they hatch after an
incubation period of 16 to 21 days (Kelsey. 1951a). There
is an obvious need to know what degree of moisture eggs
can tolerate, and whether the beetles prefer a particular
soil pF before ovipositing.
The first stage grubs on hatching from the eggs feed
in the immediate vicinity of roots. Kelsey .has  recorded
mean larval populations ‘in excess of 150 per square foot.
The second stage grubs are commonly found in the top
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2in. of soil, but move down to a de.  th of 3 in. and
change to the third instar. In this stage tK ey feed on roots
and most are found in the top inch of soil while actively
feeding. From the end of June on, they eat less, their
bodies fill with yellowish fat, they void their gut contents
and move down the soil to a depth of 3 to 10 in., and in
August and September the majority prepare their earthen
pupation cells. Miller (1945) has noted that, depending
on the severity of the soil climate during the winter
months, the grubs may hibernate deep in the soil, ascend-
ing in spring to complete their feeding. This phenonomen
has not been reported elsewhere. Dumbleton (1942) quotes
Miller as having shown experimentally that half-grown
larvae could develop to maturity in soil well supplied with
humus and no living roots. This finding has important
practical implications and warrants further research. There
is no information available on the water relations.of  the
larvae, the effect of different soil types on them, or the
vertical or lateral dispersion of them. No one knows
how much food they eat, the effect of different foods on
the rate of growth and adult fecundity, or their effects on
soil fertility, drainage and aeration, although Yaacob
(1967) has shown that they form part of the chain in the
kr;amlldown  of organically fixed nitrogen into mineralized
0
The’effect of irrigation on grass grub populations merits
close consideration. Kelsey (1951) is of the opinion that
irrigaticn  water does not saturate the soil long enough to
drown grubs, and suggests that more vigorous root growth
enables irrigated pastures to withstand a higher popula-
tion than dryland  pastures. Irrigation water, however, may
have indirect effects for it may favour disease epidemics,
such as bacterial milky disease; or induce the grubs to
feed closer to the surface in autumn and earIy  winter thus
placing them in reach of predatory birds, or exnose  the
grubs to the crushing effects of sheep hooves which Kelsey
suggests are more potent than a heavy roller.
A wide range of insect and vertebrate predators, para-
sites and pathogenic organisms have been recorded
attacking grass grub. Their importance is, however, mere
speculation until population dynamics studies to deter-
mine whether or not they can regulate population levels
from one generation to another are completed. Pottinger
( 1967) has indicated that this could take a decade or more.
Dumbleton (1945a) has discussed bacterial and nematode
narasites of grass grub, and in 1942 reviewed biotic
factors affecting it. Since this time both Kelsey (1951a)
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and Hoy (1963) have briefly reviewed biological controlling
agents. Kelsey and Hoy (1950) and Kelsey (1951a) state
that they believe cannibalism of the second and third stage
larvae is the main natural ‘factor limiting grass grub
populations. Kelsey measured a reduction in a grass grub
population from 141 to 8 per square foot and, finding few
obvious mortalities, suggested cannibalism was the cause.
This matter obviously warrants further investigation.
PQR'NA
The life-history of W. cervinata  for coastal Canterbury
is given in Fig. 1B. This figure is a modification of the
life-history observed by Dumbleton and Dick (1942) at
Seddon and incorporates observations made by Dumbleton
(1945b),  Dick (1945),  Helson (1967) and the present
author. Dumbleton (1945b) suggests that flights com-
mence in mid-Se
Nelson and Marl&
tember in Wairarapa, late September in
orough, early October in Canterbury and
North Otago, and later in Southland. Apparently the
effect of latitude and altitude, a temperature relationship,
is the same for both grass grub and porina. Dick (1945)
concluded that soil temperature appeared the principal
governing factor on both completion of development and
emergence. .
Eclosion of the moths occurs within the first hour after
sunset each day, although the time is variable, depending
on latitude and time of year. Whether other factors such
as light or the passage of front’al systems are important is
not known. Dick (1945) has described the process of eclo-
sion and mating which occurs on the ground. Both male
and female moths fly on the evening of emergence, but are
short-lived and do not feed. Dick found the moths live
1 to 4 days as did Dumbleton (1945b) who suggests that
the females die earlier than males and shortly after they
have laid their eggs. At Lincoln College female moths have
been found living as long as nine days and males seven
days. Moths do not fly on windy nights or during periods
of rain. Dick (1945) concluded that the temperature
threshold for flight is low, that there was no correla-
tion between numbers flying and relative humidity, and
that catches tend to increase at temperatures above 47°F.
Both Dick (1945) and Dumbleton (1945b) observed that
male flight occurs in the first hour following eclosion and
that thereafter most of the aerial population is composed
of females. In mid-October the males fly within 2 to 3 ft
of the ground from 7.00 to 7.30 p.m., in search of females
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which emerge from 7.15 to 7.45 p.m., and cling to the
grass blades. Dumbleton (1945b) found from one night’s
light trapping that the majority of moths (63.3% females)
were caught in the first hour of flight. In contrast, Dick
(1945) found 56.8% of the  moths caught between 7 and
8 p.m. were males and observed that moths (presumably
males) on the wing prior to darkness were not attracted
to light. He found no indication of mass migration of
moths apart from one paddock bared of vegetation. The
writer has measured both’an immigration and emigration
of moths which suggest dispersive flights are important in
the dynamics and epidemics of this pest. Sufficient female
moths migrated into an g-month-old white clover-perennial
ryegrass  paddock, devoid of any population, and pro-
duced a population of caterpillars (mean of 96 one square
foot samples on July 3, 1967, 6.86/sq.  ft) large enough to
destroy the sward. Sampling for eggs on this plot and an
undamaged pasture beside it in October, 1967, revealed
emigration from the bare to grassed areas. The population
means were 24.O/sq.  ft for the damaged pasture and 195.0/
sq. ft for the grazed area.
Little is known about these dispersive flights or the
attractiveness of various light sources.
Recently D. G. Kelly at Lincoln College has ‘initiated a
study to determine the optimal type and wavelength of
light, trap, wattage, and distribution of lights within
paddocks and their effect on reducing egg and consequently
caterpillar numbers. As Kelsey (1951b) observed, how-
ever, before the moths are caught the females may lay
sufficient eggs to cause damage the next year.
- Dick found that females  moths commence oviposition
2 to 30 minutes after mating as they crawl and flutter
among the vegetation, and that eggs are not laid on the
wing. Dick observed the fecundity of six female moths
and found that they produced from 445 to 1,169 eggs
each (mean, 756). The writer has found from a larger
sample that fecundity is correlated with larval nutrition,
moths derived from a starved population producing less
than 50% as many eggs as moths from a well-fed popu-
lation. The results are given in Table 1.
Porina eggs take 3 to 5 weeks to incubate and hatch.
Dumbleton (1945) established that the constant lethal
temperature is between 77 and 84”F,  while the threshold
level for development is 44°F. He found that eggs develop
most rapidly and with the least mortality in. a saturated
atmosphere, especially on a moist substratum, and that
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TABLE 1: RELATIONSHIP OF FECUNDITY TO LARVAL
NUTRITION
.__I___-~__--
Starved Well-fed
Populaiion Population
Population x in field . . . . . . . . 6.86 1.50
No. observed . . . . . . . . . . . . . . 26 24
xweight of female pupae (g) . . . . . . . 0.665 0.941
Range weight of female pupae . . . . . 0.510-0.913 0.770-1.126
Eggs per female . . . . . . . . . . 780 1,695
Range of eggs per  female . . . . . . . . . . . . 170-1,870 837-2,662
- - - - - -
mortality was high if eggs were exposed to humidities
below 70% over the whole or latter half of the incubation
period. Dumbleton also established that young cater-
pillars which live on the surface of the ground for at
least four weeks survived longest in a saturated atmos-
phere. These findings have had tremendous practical
application. For instance, it is possible to induce sub-
economic porina populations by grzizing  pastures in Oct-
ober and November so that rank moist conditions con-
ducive to porina survival do not prevail, and farmers now
know that it is prudent to inspect pastures which carried
rank spring growth for porina each autumn. The number
of larval instars is not known. Dumbleton and Dick (1942)
used head width measurements to illustrate that the maxi-
mum period  of porina growth occurs in the February-April
period which coincides with the maximum period of porina
damage to pasture.
A large number of natural enemies attack porina larvae
and/or pupae, but at present one can only speculate on
their importance as regulatory factors. It appears from
the literature that no natural enemy acts soon enough after
pasture damage begins to appear in March to reduce the
population to a subeconomic level. Dumbleton (1945b) has
reviewed the literature on parasites, predators and
diseases. Since this time Eyles (1965, 1966) has made
observations on three new native parasites and a
staphylinid predator. Eyles (1965) states that, although
they reduce host numbers, the natural enemies do not
control Wiseana spp., probably for the following reasons
which could apply equally to grass grub:
(1) The larvae are relatively well protected as they live
most of their life underground.
(2) Hyperparasites may reduce the efficiency of some
parasites.
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(3) Little is known about the biology of parasites and
there is some evidence that tachinids favour grass-
land near the shelter of scrub. Either the host has
moved away from the normal habitat of the parasites,
or else the parasites never took a higher toll than
they do now.
Dumbleton (1949) has described a gregarine parasite,
Diplocystis  oxycani Dumbleton, which commonly occurs
in larvae, but the relationship to the host is unknown and
warrants investigation. He also states (1945b) that the
muscardine fungus Metarrhizium  anisopliae
gzF:hn  may be important in  some seasons on some soil
types. ihtch  (1965) considers that this fungus is unlikely
to be of much use for biological control of pasture-inhabit-
ing larvae. In July and August, 1967, an epidemic of M.
anisopliae induced 84% mortality on a plot with a mean
population of 6.86 larvae per square foot. This population
consisted mainly of starved lightweight individuals, where-
as another plot beside it with a lower mean population
(l.S/sq.  ft) but bigger individuals suffered only a 6%
mortality.
The role of predators has not been investigated. Dumble-
ton (1945b) pointed out that invertebrate predation of
eggs and juvenile larvae may be important, especially in
older pastures. We have established that juvenile mor-
tality is exceptionally high and that IV..  cervinata  has an
inverse J-shaped survival curve, in old and new pastures.
Dumbleton also observed that, when infested areas are
flooded, porina larvae emerge from their tunnels and are
preyed on by seagulls. On the other hand, Kelsey (1951b)
claims that in irrigated areas seagulls feed mainly on
surface-inhabiting insects and not porina. He notes that
caterpillars are in the tops of their tunnels and thus pro-
tected from drowning by air bubbles until the water
recedes, and remain inaccessible to predators. Porina
pupae were easily flooded out of their tunnels, however,
and could be easy prey for birds.
COMMENTS AND CONCLUSION
This review has indicated that knowledge on both pests
is mainlv observational in nature, and that little quantita-
tive work has been conducted on any aspect of the biology.
Ecological studies on grass grub and porina are essential,
for. as Power (1968) has remarked, all pest control dis-
ciplines have a vital ecological content.
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There is little information on sampling procedure and
extraction methods, and insufficient is known about the
type of distribution of the various stages in the field. Re-
liable sampling is paramount to any study involving popu-
lation estimates. Understanding of the population
dynamics of both pests is also lacking. a
In order to ather such information, long-term plots
were establishe % at Lincoln College in 1966, but there is
need for replication of these studies as soils, climate,
pastures and farm management practices vary within and
between regions. Co-operative research between Lincoln
College and the Department of Agriculture on the popu-
lation dynamics of porina and grass
%
r u b has been
initiated at several centres in New Zealan .
There is a need for carefully planned, co-ordinated and
inductively based research, and the establishment of
priorities because of the limited number of ecologists
involved. Steps are now being undertaken to achieve this
and overcome the lack of ecological research over the past
two decades. The following areas of ecological research
on both grass grub and porina are of prime importance to
the formulation of optimal control strategy and need
to be expanded or established :
(1) Determination of optimal sampling and extraction
procedures for population studies, surveys and ad-
visory purposes.
(2) Long-term population dynamics studies.
(3) Differentiation of the stages of closely related Scara-
baeid and Hepialid species, to facilitate the accuracy
of field work.
(4) Construction of empirically based regional life-
histories, including the determination of the number
of porina larval instars.
(5) Behavioural studies on all stages, particularly on
the larvae.
(6) Investigation of the role of both porina and grass
grub in soil-forming and fertility processes.
(7) A study of soil moisture relationships.
(8) A detailed study of the effect of pasture composition
on insects, and, conversely, insects on pasture com-
position and yield.
(9) ttuFi~l  study including biomass and energy flow
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‘(10)
(11)
(12)
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Investigation of farm management practices on popu-
lation  levels.
Detailed examination of the natural enemies, particu-
larly those revealed by population dynamics studies
to be important in population regulation.
Correlation of epidemic populations with particular
soil types.
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DISCUSSION
In reply to a question on how to ensure that more research on grass grub
and porina control was carried out, Pottinger stated that the co-ordinated
research just started was the right step to take, and he felt that both
D.S.I.R. and Department of Agriculture were well aware of this. More
ecologists were needed in the field, and it was better to train them in New
Zealand universities than to import them from overseas. Locally trained
people tended to be more interested in the problem.
To a question on the length of exposure to drying necessary to cause
mortality to porina, Pottinger replied that no exact time could be given,
which again highlighted the need for more detailed research.
Lucerne would stand severe attacks from both grass grub and porina
and should be more widely used in areas likely to be badly affected by
these pests.
Brougham suggested that worthwhile observations on the pests could
be made by other research workers carrying out grazing and mowing
trials throughout New Zealand. Pottinger agreed and thought that this
would be particularly feasible when a satisfactory system of sampling
had been devised to give comparisons. Such a system should shortly be
available. The data collected could then be analysed to give more
knowledge on population dynamics.
Asked to elaborate on the crushing effect on porina of sheep’s feet,
Pottinger stated that Kelsey’s observations had shown that it was grass
grub and not porina that could be affected. Porina seemed to be well
adapted to avoid damage from the animals’ hooves. In any case, he felt
that fairly rapid re-infestation would occur.
